F railty is a clinical syndrome resulting from dysregulation of multiple physiologic systems that leads to low endurance, poor strength, low physical activity, increased hospitalization, and mortality. 1 Studies derived from the Multicenter AIDS Cohort Study (MACS) have shown that frailty occurs at a much younger age among HIV-infected persons compared with demographically matched HIVuninfected individuals. 2, 3 Among the aging HIV-infected population, in whom frailty prevalence has been estimated to range from 2% to 20% 4 the role of chronic inflammation in the multifactorial pathogenesis of this syndrome is increasingly recognized. 4 Frailty has previously been shown to be independently associated with low CD4 + cell count, higher plasma HIV RNA, longer duration of HIV infection, previous history of opportunistic infections, and depression. 2, 4 The Veterans Aging Cohort Study (VACS) Index is a multivariable risk assessment tool that has been shown to accurately predict 5-year all-cause mortality risk among HIV-infected persons. 5 It has also been shown to predict morbidity, including hospitalizations and medical intensive care unit admissions, 6 and correlate with HIV-related chronic inflammation. 7 Because frailty and the VACS Index predict the same outcomes, the VACS Index has been used in two recent studies as a surrogate marker to identify frail HIVinfected persons. 8, 9 Another study has also shown that the median VACS Index scores of frail HIV-infected persons were significantly higher compared to nonfrail individuals. 10 Despite these data, the association of the VACS Index with frailty independent of other frailty predictors has not yet been demonstrated. Furthermore, it is unknown whether transitions in frailty status over time could also be reflected by changes in the VACS Index.
In this study, we determined the independent association of the VACS Index score with frailty as defined by the Fried's criteria, the most widely accepted definition of frailty.
1 Furthermore, we evaluated the dynamics of the VACS Index with changes in frailty status over time.
We used data from the Study to Understand the Natural History of HIV and AIDS in the Era of Effective Therapy (SUN Study), an observational cohort funded by the Centers for Disease Control and Prevention (CDC). The SUN Study design has been previously reported. 11 Briefly, 700 participants from seven HIV clinics in four cities in the United States (Saint Louis, Denver, Minneapolis, and Providence) were enrolled from March 2004 to June 2006 and followed until June 2012. Participants were recruited if they were naive to, or had previously received combination antiretroviral therapy (cART). Frailty assessments were performed from June 2010 to May 2012. Participants with initial and followup frailty assessments were included. Participants with missing frailty assessments and incomplete VACS Index information were excluded.
Nonfrail, prefrail, and frail states were defined by the presence of 0, 1-2, and ‡ 3 of five established criteria (unintentional weight loss, physical inactivity, exhaustion, weak grip strength, and slow walking time), respectively 1 ( Table 1 ). All study coordinators were trained to conduct the frailty assessment uniformly. The VACS Index, which utilizes HIV-related and unrelated variables (Table 2) , was calculated for all participants during the initial and follow-up frailty assessments.
Previous frailty studies have shown that prefrailty is an intermediary in the spectrum of nonfrailty through frailty and the majority of persons pass through this stage before transitioning to a frail or nonfrail state both in the HIV-infected 4 and HIV-uninfected population. 12 Because of the low prevalence of frailty in our cohort, we combined prefrail and frail states to increase statistical power. Association of the VACS Index and its components with prefrail/frail status at baseline and at follow-up assessments was determined using the v 2 test for categorical variables and the Student's t-test or the Wilcoxon rank-sum test for continuous variables depending on whether variables were normally distributed or not. To address multiple comparisons, we used the Bonferroni method and determined that comparisons with p values < 0.006 were statistically significant.
We then assessed by univariate and multivariable analysis the association of the VACS Index and several HIV-related and unrelated variables with prefrail/frail status. Associations in univariate analysis with p < 0.10 were then modeled using stepwise logistic regression for the outcome of prefrailty/frailty; for this analysis, p values < 0.05 were considered statistically significant. All analyses were conducted using SPSS version 22.
Evaluations of 303 participants were available for analysis. The median age was 48 years [interquartile range (IQR) 42-54 years], 76% were men, 57% were non-Hispanic white, 93% were prescribed cART, 91% had a plasma HIV RNA < 400 copies/ml, and the median baseline CD4
+ cell count was 595 cells/ml (IQR 441-782 cells/ml). Since frailty assessments were conducted only from 2010 to 2012, the majority of the participants excluded from this analysis had 
a For patients who had attended clinic for < 12 months, unintentional weight loss was defined as > 5 pounds in the last 6 months or ‡ 2.5% of the previous year's body weight.
b Walking time was determined by asking participants to walk 15 feet at their usual pace. BMI, body mass index. Nonfrail, prefrail, and frail states were defined by the presence of 0, 1-2, and ‡ 3 of five established criteria.
either a missing baseline or follow-up frailty assessment. Prior to the start of frailty assessments, 27 participants were deceased, 51 were lost to follow-up, 64 moved to another center, and 105 withdrew from the study. Compared with participants excluded from this analysis, the analysis cohort was slightly older by 1.6 years ( p = 0.02). Otherwise, the analysis cohort and the excluded participants had similar baseline characteristics. There were 184 (61%) nonfrail, 112 (37%) prefrail, and only seven (2%) frail participants (Table 3) . Prefrail/frail participants had significantly higher median VACS Index scores compared with nonfrail participants. They also had higher hepatitis C infection and lower median hemoglobin. In multivariable analysis, a higher VACS Index score was significantly associated with prefrail/frail status independent of nonwhite race, current non-full-employment, and depression (Table 4) . When the components of the VACS Index were analyzed in this multivariable model, only hepatitis C infection remained associated with prefrail/frail status independent of nonwhite race, current non-full-employment, and depression (Supplementary Table S1 Table 3 ). Nonfrail participants who transitioned to prefrailty/frailty had lower median hemoglobin than those who remained nonfrail (14.2 versus 15.3 g/dl; p < 0.001). Thirty-three (28%) prefrail/frail participants transitioned to a nonfrail state. There were no major differences in the components of the VACS Index between participants who remained prefrail/frail versus those who became nonfrail. Transitions between nonfrail and prefrail/frail categories were not associated with significant changes in the VACS Index score. Thus, we have demonstrated that HIV-related prefrailty/ frailty, prevalent even among young HIV-infected persons with well-controlled HIV infection, was independently associated with a higher VACS Index. Although this association is modest, it supports the use of the VACS Index to identify HIV-infected persons with prefrailty and frailty. The high prevalence of hepatitis C infection and lower hemoglobin among prefrail and frail participants largely contributed to a higher VACS Index score in these groups.
Our findings suggest that low hemoglobin and especially hepatitis C infection could be important factors in the pathogenesis of HIV-related frailty. Both factors are associated with increased markers of inflammation, which is also characteristic of HIV-related frailty. 4 In the general population, low hemoglobin has also been directly associated with poor muscle strength and physical performance, 13 which are all part of the Fried's frailty phenotype. Hepatitis C infection was also found to independently predict development of frailty among HIV-infected and HIV-uninfected men in the recent MACS study. 3 Our findings also highlight the contribution of race, depression, and poor social factors in the occurrence of HIVrelated prefrailty/frailty. Unlike poor socioeconomic status, race has not been consistently shown to be associated with HIV-associated frailty.
14 Several studies among HIVinfected persons taking cART have shown an independent association between depression and unemployment. 3, 15 The reason behind this link between race, depression, and poor social factors with HIV-associated frailty is likely multifactorial. It mirrors the strong association of low socioeconomic status with poorer health outcomes and increased all-cause mortality in the general population. 16, 17 We have also documented longitudinal changes in frailty status and correspondingly examined dynamic changes in the VACS Index. We found that the VACS Index failed to reflect transitions between nonfrail and prefrail/frail categories over 1 year. This may be because the majority of our participants had fully suppressed plasma HIV RNA, relatively robust CD4 cell counts, and little, if any, advanced renal or liver injury. Thus, using the VACS Index to monitor frailty transitions in the clinical setting may be limited.
The low sample size and number of frail participants in our study and the overall low VACS Index scores of our participants limited our analysis. Furthermore, the study was limited by the performance of only two frailty assessments during a short follow-up observation period (8-16 months) . In the recent MACS study that analyzed participants who completed at least six frailty assessment visits over 4 years, the expression of the frailty phenotype was found to be transient with almost half of the participants expressing the frailty phenotype at only one visit. 3 Of note, the Fried's frailty criteria have also not been validated among younger HIV-uninfected individuals and among HIV-infected persons.
In conclusion, we have demonstrated the association of the VACS Index with baseline prefrailty and frailty among HIVinfected persons independent of other frailty predictors. Further studies with a larger sample size, longer follow-up, and more frequent frailty assessments may be warranted to determine whether the VACS Index can be used to monitor transitions in frailty status over time. Our findings highlight the promising use of the VACS Index in the assessment of baseline frailty status within the clinical setting, and underscore its potential utility in the care of our aging HIV-infected population.
